To establish an efficient procedure for in vitro plant regeneration of Impatiens walleriana L., the effects of urea-type cytokinins, forchlorofenuron (CPPU) and thidiazuron (TDZ) on the axillary shoot induction are examined. The shoot meristem explants produced multiple axillary shoots when cultured on Murashige and Skoog`s (MS) medium containing different concentration of CPPU and TDZ (0.01-1.0 μM). Explant activity varied significantly depending on the cytokinin type as well as concentration. We have found that the 0.1 μM CPPU induced the largest number of axillary shoots (4.89). This cytokinin was more effective for the induction and development of axillary shoots than TDZ in the same concentration. The separated shoots are rooted and elongated on MS medium without hormone. Rooted plantlets were successfully acclimatized. Shoot meristem explants and ureatype cytokinins could be useful for improvement of regeneration procedure and genetic engineering of this important ornamental species.
Introduction
Among the commercially viable horticultural plants, cultivars of Impatiens walleriana l. are most important. Susceptibility to diseases caused by viruses remains a big problem for I. walleriana commercial production, even in greenhouse conditions. to improve the productivity it is necessary to have pathogen-free plants. the main procedure to obtain these plants of I. walleriana could be by genetic transformation, especially to transfer gene(s) for virus resistance. An efficient and reproducible plant regeneration protocol is the first step in utilizing the potential of this new biotechnology. Published tissue culture protocols for the regeneration of plants from different type of explants of Impatiens spp. are available (3, 8) but these proved unsatisfactory when applied to the cultivars used in this study. to develop improved methods of plant regeneration of I. wallerana the effect of two urea-type cytokinins, (cPPU) and thidiazuron (tDZ) was investigated. Recently, some studies showed that tDZ have higher cytokinin activity to induce organogenesis in several plant species (2, 4, 10,) and cPPU was effective for the shoot formation in pineapple (1) and lavender (9) . Described axillary shoot regeneration represents a significant improvement of in vitro production of this ornamental plant. Direct organogenic pathway, possesed less somaclonal variation, is appropriate for regeneration of Agrobacterium-mediated transformation in I. walleriana.
Materials and Methods
Seeds of I. walleriana were washed thoroughly under running tap water and surface sterilized with 10% sodium hypochlorite solution for 15 min. Following several washings in sterile distilled water, the seeds were transferred aseptically to solid MS basal salt media (7) with 30 g l -1 sucrose and 7.0 g l -1 agar. After appearance of the first pair of true leaves vegetative shoots from seedling (~ 0.6 mm) were isolated and placed on MS media for multiplication supplemented with different concentration CPPU or TDZ (0.01, 0.1, 1.0 μM, respectively). the formed axillary shoots were subsequently transferred to hormone-free MS medium for shoot elongation and rooting. the ph of the medium was adjusted to 5.8 before autoclaving at (114°c) for 20 min. cultures were incubated at 25 ± 2°c under continuous light of cool white fluorescent tubes (approx. 30 -40 μmol m -2 s -1 ). After 4 weeks of culture, data on number of shoots and roots per explant, shoot and root length were recorded. All experiments were repeated three times with 120 explants for each treatment. Statistical analyses were performed using StatGrafics software version 4.2 (STSC Inc., Rockvile, Maryland, USA). Data were subjected to analysis of variance (AnoVA) and comparisons between the mean values of treatments were made by the least significant difference (LSD) test calculated at the confidence level of P≤ 0.05. The rooted plantlets were taken out of the culture vessels after 3-4 weeks, delicately washed under running tap water to remove the adhering culture medium from the roots, and then transferred to pots containing a mixture of soil in greenhouse conditions.
Results and Discussion
the addition urea-type cytokinins to the culture medium often promoted an increased in the number of shoots produced by each explant compared to the control. these effect of cytokinins were dose -depended, at the lower concentrations (0.01-0.1 μM) there were more shoots. Furthermore, we found that regeneration medium with 0.1 µM cPPU was optimal for shoot production, and significantly better than other concentrations, resulting in an average 4.89 of shoots per explant (Table 1,  Fig. 1a) . on the other hand, the rate of shoot multiplication declined on medium supplemented with 0.01 μM TDZ (Table  1, Fig. 1b) . cytokinins, on average, gave different responses also in terms of shoot length, number of developed roots and root length. As the cPPU and tDZ concentration higher 1.0 μM, explants produced shorter shoots, mainly due to the reduction in the number of shoots/explant (Fig. 1c) . Some of regenerated plants on medium with 1.0 μM TDZ presented a fasciated malformation in the stem, manifested as enlargement and flattening as if several stems were fused (Fig. 1d) . Growth and morphogenesis in vitro are regulated by the interaction and balance between the hormone provided in the medium and those produced endogenously by an explanted tissue. exposure of explants to higher cytokinin concentrations during induction phase may have led to accumulation of them, which inhibited further shoot growth and elongation (5) .While most hormones exert a direct effect on cellular levels, many synthetic compounds like tDZ, modify the level and activity of endogenous growth substances (6) . Subculture of small shoots on hormone-free MS medium was essential for elongation. Plantlets with 4-5 fully expanded leaves and well-developed roots were successfully acclimatized ( Fig.1e ). About 90 % of the micropropagated plants survived following transfer from culture media to natural soil and did not show any detectable variation in respect to morphology or growth characteristics (Fig. 1f ).
Conclusions
We have been successful in developing an in vitro plant regeneration protocol in I. walleriana using urea-type cytokinins. this regeneration system could be used for and genetic transformation studies, especially to transfer virus resistance gene(s). Further research will focus on the production of virus -free plants to improve healthy plant establishment of economically important I. walleriana varieties. 
